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Introduction
For a successful right or left hepatectomy, the hepatic vein has
to be divided and securely controlled. Simple ligation is not
recommended because the ligature can easily slip off.
Alternatively, oversewing of the two divided stumps between
two pairs of vascular clamps can be done. However, the
procedure could be difficult if the hepatic vein is short or
exposure is poor, particularly in cases where a large tumour is
close to the junction of the hepatic vein and inferior vena cava.
This has led to the use of the Endo-GIA vascular stapler (ATW
35, Ethicon Endo-Surgery Inc., Cincinnati, OH, USA) in some
hepatobiliary centres.1,2 In our institution, the Endo-GIA
vascular stapler has been used since October 1998. In this
paper, we analysed the results of hepatectomies in which the
Endo-GIA vascular stapler was used and we derived a strategy
to avoid complications arising from its use.
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Use of the Endo-GIA Vascular Stapler for Hepatic Resection
Patients and methods
From October 1998 to December 2001, 156 patients underwent
major hepatectomies, including right hepatectomy (n = 81),
right trisegmentectomy (n = 54), left hepatectomy (n = 9) and
extended left hepatectomy (n = 12), for hepatocellular
carcinoma. There were 124 men and 32 women whose median
age was 52.5 years (range, 13–79 years). The Endo-GIA vascular
stapler was used to divide the hepatic vein. It was also used to
divide the hepatic duct and the associated hilar plate in 57
cases.
Vascular stapling procedures
Following encircling of the hepatic vein, the articulated and
rotating Endo-GIA vascular stapler was passed gently around
the hepatic vein to staple and divide the vein. The thinner blade
of the stapler was inserted in preference to the thicker blade
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because the space available was limited. As the thinner blade is
not on the same axis as the instrument, difficulty may be
encountered if the tip of the blade impinges on the liver tissue
(Figure 1A). A right angle clamp was used to grab the thinner
blade and guide its insertion into the space (Figures 1B and
1C).
In the hepatic duct procedure, the duct was divided and
stapled using the Endo-GIA vascular stapler after the entire
hilar plate, including the hepatic duct, was encircled.
Results
The overall morbidity and mortality rates were 32.1% and
8.3%, respectively (Tables 1 and 2). While the median blood
loss volume was 1 L (range, 0.1–15 L), 76% of patients did not
require blood transfusion. There were no complications re-
lated to the use of the Endo-GIA vascular stapler in dividing
the hepatic veins.
The use of the stapler for right hepatic duct transection led
to complications in one patient: a 44-year-old man with a large
tumour (17 cm in diameter) in the right lobe of the liver. Right
Figure 1. A) As the Endo-GIA vascular stapler is employed to divide
the hepatic vein, the tip of the blade may impinge on liver tissue.
B) and C) A right angle clamp was used to grab the thinner blade
and guide its insertion.
Table 2. Contributory causes of hospital mortality in 13 patients
who underwent major hepatectomies
Cause of mortality* Patients
n (%)
Bleeding 4 (2.6)
Chest infection 7 (4.5)
Heart failure 2 (1.3)
Liver failure 12 (7.7)
Renal shutdown 8 (5.1)
Sepsis 6 (3.8)
Subarachnoid haemorrhage 1 (0.6)
*More than one contributory cause of hospital mortality may be
found in any one patient.
Table 1. Postoperative complications in 156 patients who under-
went major hepatectomies
Complication Patients
n (%)
Biliary fistula 4 (2.6)
Cardiac arrhythmia 9 (5.8)
Chest infection 20 (12.8)
Colitis 1 (0.6)
Haemothorax 1 (0.6)
Heart failure 2 (1.3)
Infected ascites 1 (0.6)
Left foot drop 1 (0.6)
Leg ulcer with debridement 1 (0.6)
Liver failure 13 (8.3)
Myocardial infarction 1 (0.6)
Peptic ulcer bleeding 1 (0.6)
Pleural effusion 22 (14.1)
Pneumothorax 1 (0.6)
Postoperative
   intra-abdominal bleeding 7 (4.5)
Renal failure 10 (6.4)
Right upper limb numbness 1 (0.6)
Subarachnoid haemorrhage 1 (0.6)
Subphrenic abscess 2 (1.3)
Urinary tract infection 1 (0.6)
Wound dehiscence 1 (0.6)
Wound infection 19 (12.2)
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trisegmentectomy was performed and the right hepatic duct
was divided using the Endo-GIA vascular stapler. After the
operation, he developed abdominal pain, fever and rising
serum bilirubin level. Endoscopic retrograde cholangio-
pancreatography was performed and the left hepatic duct
could not be seen. The patient underwent a laparotomy on
postoperative day 15. During laparotomy, 1,300 mL of bile-
stained peritoneal fluid was found, and the left hepatic duct
was found to have been transected at its junction with the right
hepatic duct by the Endo-GIA vascular stapler; bile was leaking
from the transected stump. Hepaticojejunostomy was
performed. He made an uneventful recovery.
In subsequent cases of right trisegmentectomy, in order to
avoid similar complications after division of the caudate lobe
branches and lowering of the hilar plate, intraoperative cholan-
giography was performed to determine the most appropriate
site for division of the hepatic duct (Figure 2). A cholangio-
gram was also obtained with the stapler placed around and
across the hepatic duct before closing of the stapler (Figure 3).
After division of the hepatic duct, a third cholangiogram was
obtained for confirmation and assurance of no injury to the
confluence of the hepatic ducts (Figure 4). No biliary compli-
cations occurred thereafter.
Discussion
In the past decade, a number of protocols and techniques, such
as the Pringle manoeuvre,3 lowered central venous pressure,4
intraoperative ultrasound,5 ultrasonic dissection6 and others,
have contributed to improved hepatectomy results. For divi-
sion of the hepatic vein, we showed that the Endo-GIA vascular
stapler is a useful and safe tool. Although oversewing of the
stump controlled by vascular clamping is reliable and less
expensive, it is difficult to perform when the hepatic vein
stump is short, particularly on the liver specimen side. Imper-
fect oversewing or slipping of the vascular clamp on the liver
side may result in severe bleeding and possible seeding of the
peritoneal cavity with cancer cells. Use of the Endo-GIA vascu-
lar stapler can reduce surgical time, especially the rotation
time of the right lobe, which, if prolonged, may damage rem-
nant liver function.7 With regard to the safety of the Endo-GIA
vascular stapler, we found it to be safe and reliable, similar to
reports by Blumgart et al.8
The Endo-GIA vascular stapler was not superior to
oversewing for dividing the bile duct. As shown in this study,
the confluence of the hepatic duct could be occluded if the
Endo-GIA vascular stapler was employed. Fong et al reported
Figure 2. Before dissection of the liver hilum, contrast medium was
injected through the cystic duct cannula. A metal clip was used to
locate the proposed site of division of the right hepatic duct
(arrow).
Figure 4. After division of the right hepatic duct using the Endo-GIA
vascular stapler, the left hepatic duct was patent.
Figure 3. After isolation of the right hepatic duct, the Endo-GIA
vascular stapler was placed on the right hepatic duct 1–2 cm away
from the biliary confluence.
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the cases of two patients in whom the biliary confluences were
accidentally stapled.1 They suggested that lowering of the
hilar plate and firm counter-traction on the umbilical tape
must be applied during application of the stapler to ensure
that the confluence of the hepatic ducts is not accidentally
stapled. From our experience, the Endo-GIA vascular stapler
must be placed on the bile duct 1 cm to 2 cm away from the
biliary confluence. However, for right trisegmentectomies and
large right lobe tumours, the right hepatic duct may not be of
sufficient length for the application of the Endo-GIA vascular
stapler. Because the blade of the Endo-GIA vascular stapler is
8 mm wide, it is easy to injure the confluence of the hepatic
duct. In this situation, it is safer and less expensive to divide
and oversew the divided duct by suturing. However, to ensure
that the confluence of the duct has not been damaged,
regardless of whether the Endo-GIA vascular stapler or sutur-
ing was employed, intraoperative cholangiography is essential.
In conclusion, the Endo-GIA vascular stapler is a safe and
useful tool to divide the hepatic vein, but when used for
dividing the hepatic duct, extra caution must be exercised.
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